Arterial cannulation is frequently used in the critical care environment. Literature focuses on insertion techniques and complications. This report utilized data from the Australian Incident Monitoring Study (AIMS-ICU) national database to identify common problems and contributing factors associated with the use and maintenance of arterial lines. A review of narratives, keywords and contributing factors yielded 251 reports outlining 376 incidents. Of these, 15% describing line insertion problems, 66% line use and maintenance problems and 19% patient injuries. Inadequate line securing, accidental line dislodgement, incorrect set-up, distal ischaemia and infection featured prominently. As a result of the incident, 49% of patients involved suffered no ill effect, 28% minor physiological complications and 15% suffered major adverse effects. Multiple contributing factors were selected for each report, with lack of knowledge, rule-based errors, high unit activity, and lack of support staff or supervision selected most frequently. This study highlights the need to employ meticulous insertion technique, line set-up, securing, frequent line assessment and the early removal of lines no longer essential to patient care. Support and education of staff as well as the development of protocols are important for the safe use of arterial lines.
Intensive care units are complex management environments. The clinical skills of caregivers are supplemented by sophisticated monitoring devices, life support systems and multiple drug administrations. Although initiatives are underway to improve outcome measures, it is still important to pay close attention to the structure and process in intensive care, both of which must underpin any improvements in outcome 1 .
The use of intra-arterial lines is now commonplace in most critical care areas. They allow for continuous blood pressure monitoring and provide access for repeated blood sampling for blood gases and other analysis. Although generally considered to be a relatively safe intervention, the use of intra-arterial lines imposes certain risks and management problems which cannot be ignored. Reports related to intraarterial lines have focused primarily in describing complications and insertion techniques [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Most were small in size or represent individual case reports. Reports dealing with the nursing management and maintenance of intra-arterial lines are limited 13 .
Critical incident reporting has been well established in Australia and New Zealand through the AIMS-ICU national database. An analysis of incidents from this database enabled identification of common problems, adverse events and contributing factors associated with intra-arterial line utilization.
METHOD
The AIMS-ICU study was established in 1993 after medical and nursing collaboration to provide an anonymous, voluntary incident reporting system for intensive care. The initial development and methodology for this project has been described previously 14, 15 . An incident was defined as any unintended event or outcome, which could have, or did reduce the safety margin for the patient. It may or may not have been preventable and may or may not have involved an error on the part of the health care team. ICU staff members of participating units were invited to report any incident they were involved in, using standardized report forms. The event was to be described by the reporter in detail in the narrative section, including reasons for its occurrence, outcomes and limiting factors. The reporter was also asked to indicate his/her opinion with regard to contextual information by selecting appropriate choices from multiple tickbox lists. This contextual information related to patient and staff factors, the estimation of the effect of the incident on the patient and those factors contributing to or limiting the event. Guidelines for the completion of the incident report form were available to the reporter, including definitions of the terms for the different choices.
Reports gathered by a participating ICU were entered onto a central computerized database. FoxPro™ (Fox Software, Inc. Perrysburg, Ohio, U.S.A.), a proprietary database program, was used for data entry, storage and retrieval. Before being forwarded to the national coordinator, the reports were reviewed at the local unit at staff review sessions to discuss concerns. These reports were then added to the AIMS-ICU national database, and following narrative review, were allocated standardized keywords. Many reports described multiple incidents. The narrative keywords of the 7,525 reports submitted to AIMS-ICU national database were searched to select incidents related to arterial lines. Their contextual information was analysed using descriptive methodology.
RESULTS
By December 1999, 93 intensive care units were enrolled in the AIMS-ICU study submitting 7,525 reports. The incidents described fall into the five major problem areas related to "airway and ventilation" (17%), "drugs and therapeutics" (25%), "procedures, lines and equipment" (24%), "patient management and environment" (20%) and "unit management" (14%). Incidents related to intraarterial lines are included in the category of "procedures, lines and equipment". Three hundred and seventy-six intra-arterial line incidents were identified in 251 reports, of which 244 involved a single patient.
The 376 incidents involved three main problem areas: 58 insertion problems (15%), 249 use and maintenance problems (66%), and 69 patient injuries (19%). Table 1 outlines the problems specific to each of these groups. Inadequate securing was by far the most prominent insertion problem, as were dislodgement or inadvertent removal, incorrect setup, line dressing problems, and loose connections or disconnections for use and maintenance of intra-arterial lines. Additional analysis of the 60 incidents related to dislodgement or inadvertent removal highlighted three main issues related to inadequate management of confused patients (25), deficient line securing (20) and incorrect moving of the patient (11) . Digital ischaemia, bleeding, infection and traumatization featured prominently in patient injuries.
Age distribution for the 244 single patients involved in the study consisted of eight patients aged "less than 28 days", 21 "28 days to 1 year", 38 "1 to 14 years", and 165 aged "greater than 14 years", whilst the ages of the remaining 12 were unknown. In 132 of the 251 reports the incident occurred during a weekday day shift (0700 to 1900 hours), 90 during weekday night shift (1900 to 0700 hours) and in a further 29 the incident occurred on a weekend or public holiday.
The majority (227, 90%) of reports took place in the intensive care unit, 24 (10%) in another area, including the operating room in 20 cases. The incident occurred during ongoing care in 218 reports (87%), admission intervention in 21 (8%) and during an emergency intervention in 6 (2%) reports. The incident was detected through routine checking in 174 (69%) circumstances and was an incidental finding in 77 (31%) incidents. The method of identification is detailed in Table 2 . Forty-one per cent of incidents were identified within "<5 minutes", 8% "5 minutes to 1 hour", 25% "1 hour to 1 day", 12% detected ">1 day", the time of detection was unknown for the remaining 14%.
Nursing staff precipitated 52% of the incidents reported and detected 92%. ICU medical personnel precipitated 17% and detected 6% of incidents. Other health care professionals, predominantly related to anaesthesia, precipitated 7% of incidents. In the remaining 24% of reports, no individual staff member precipitated the event. Staff members who precipitated the incident were intensive care trained in 47% of cases compared to 87% of those detecting the incident. Of the 244 patients involved in the intraarterial line incidents, 49% suffered no ill effect, 28% minor physiological complications and 15% suffered major adverse effects. The latter group included a physical injury in 8% and major threat to the patient's homeostasis in 6% of reports.
Factors contributing to the incident were classified as either system-based or human factors. Multiple selections for each report were possible. Of the 279 system factors selected, high unit activity and lack of support staff or supervision featured prominently. The 721 human factors were dominated by knowledge and rule based errors. Tables 3 and 4 summarize the major contributing factors. Major factors limiting the effects of the incident have been listed in Table 5 .
DISCUSSION
The implementation of voluntary anonymous incident reporting in intensive care can be a first step in the quest to improve quality of care in this setting. This will, in a cost-effective manner, identify adverse or potentially adverse events and attempt to clarify the underlying causes and contributing factors. To be effective, such a system must be non-threatening to the critical care staff, encourage team involvement, allow staff input to unit management and it must focus on deficits in the system rather than the individual. Incident monitoring is a qualitative research technique particularly useful when problems are complex and multifactorial in causation. The advantages of the structured anonymous incident reporting system include the ability to elicit contextual information from health professionals involved with the incident including factors which minimized the adverse outcome and suggested corrective strategies. Anonymity and medicolegal immunity are key factors in gathering this information.
A number of possible disadvantages may be encountered when utilizing anonymous incident monitoring. The information gathered does not provide a numerator or denominator, so that the true incidence of problems cannot be assessed. It is likely that only a small fraction of all incidents are reported. Selected contributing factors represent the opinion of the reporter and do not necessarily prove a causeand-effect relationship. Also, the possibility of volunteer bias or selection bias needs to be considered for both the ICUs electing to join the study as well as for individual staff members choosing to participate. Despite these possible disadvantages incident monitoring provides important information not found in prospective and retrospective studies.
Incident reporting in intensive care in Australia and New Zealand has been well established through the AIMS-ICU study. This national database provides information about a wide range of problems occurring during the care of patients in the intensive care environment. The central collation of reports increases the power of incident monitoring across different intensive care settings. Incidents relating to intra-arterial cannulation are a commonly reported problem to the database involving most intensive care units.
The use of continuous blood pressure monitoring provides valuable continuous information and saves time. In addition the intra-arterial line provides access for frequent arterial blood gases and serial blood sampling. Although considered a relatively safe method of monitoring, intra-arterial lines pose certain risks and management problems which cannot be ignored. Previous reports on intra-arterial line complications have focused on medical problems related specifically to insertion techniques and their complications [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Our data shows that problems associated with the use and maintenance of intraarterial lines are also very important, as seen by the report's selection of major adverse outcomes in 15% of reports. In this setting, nurses are prominently involved in precipitating as well as detecting intraarterial line incidents. The literature lacks discussion on a wide range of intra-arterial line management issues.
The most frequent complication reported in the literature associated with intra-arterial line use is thrombosis at the entry site with distal ischaemia. Although distal ischaemia was only cited in 7% of our arterial line incidents, it was the most frequent patient complication identified (26%). A further 7% of reports listed occlusion of the intra-arterial line as a complication concerning maintenance of the intraarterial line. Several techniques aimed to avoid distal ischaemia during and after insertion of the intra-arterial line have been suggested in the literature [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [16] [17] [18] [19] . Although, our data is not helpful in evaluating these suggested techniques, it does reinforce the risk of distal ischaemia associated with the use of intra-arterial lines and stresses the need for early removal of lines. In this report, half of the ischaemic events were detected late. Routine checking of perfusion distal to the intra-arterial line must be attended to in order to identify this complication as early as possible.
The most frequently reported incident from the AIMS-ICU database associated with intra-arterial lines was accidental dislodgement. This poses an important risk of bleeding for the patient. Accidental dislodgement occurred in the settings of inadequate line securing especially when dealing with the confused patient or whilst moving the patient. Inadequately secured cannulae often originated in the operating theatre. Corrective strategies should include either policy agreement with the anaesthetic department regarding securing of long-term arterial lines or line assessment and securing on admission to ICU. In addition the lines and transducers need to be secured and the insertion site immobilized. Mechanisms that enable immediate detection of inadvertent removal are also required, including exposure of the insertion and setting of alarms for blood pressure monitoring. Monitor alert was the method of detection in 16% of all intra-arterial line incidents.
Inappropriate securing and immobilization of the limb result in traumatization. Inadequate padding of the arm-board and intravenous cannulas under the arm-board was frequently identified as causes of trauma to the patient's skin. Routine checking of the patient for pressure areas needs to include potential line associated sites.
Improper handling of intra-arterial catheters, stopcocks, and inadequate dressings can lead to contamination of the catheter 16 . The literature indicated that redness at the insertion site can be identified in up to 18% of cannulae, and that random swabbing of stopcocks revealed a contamination rate of 38% 17, 18 . A positive culture of the intra-arterial catheter tip following removal has been recorded as 1.3% when removed within four days following insertion. This increased threefold when the cannula remained for greater than four days 19 . Damen 19 revealed bacteraemia in 4% of patients who developed local infection when the cannula remained for greater than four days. Our study shows that incident monitoring is not an adequate method for identifying arterial line associated infections. Avoidance and early recognition of infection are essential. Regular checking of the site is required. Research supports the use of transparent dressing at the insertion site 10 . The transparent dressing allows the site to be monitored for redness and bleeding and bruising at the site, thus reducing the risk of infection. Ensuring aseptic technique on insertion, during dressing changes and when withdrawing blood diminishes the risk of infection. Unnecessary access to the intra-arterial line should be avoided to minimize the risk of contamination. Removal of the intra-arterial line as soon as it is not required is imperative.
This study identified incorrect set-up to be an important problem in the ongoing management of the intra-arterial line, in particular problems with flush fluids, leaking and loose connections and dressing associated problems. These issues may be a precursor to problems previously mentioned. To reduce the risks associated with the use of intra-arterial lines, routine ongoing assessment must be institutionalized. Routine checking of the equipment and patient was the method of incident detection in 80% of our reports.
A wide range of contributing factors were selected by the reporters with an average of four per report, highlighting the fact that incidents are seldom due to a single practitioner's mistake or neglect. Most of the system based factors were related to human resource management and related closely to the human factors selected. Very few factors were related to equipment issues. Systematic approaches to error prevention addressing ICU systems should underpin efforts to prevent incidents. There is no longer any justification to focus blame on individual practitioners. Here the training and support of staff and the development and implementation of protocols are identified as important corrective strategies.
Grouping the timing of incidence occurrence may be useful when assessing staffing and unit activity levels. Our higher weekday daytime occurrence of incidents may have been due to increased patient and unit activity during that time period. High unit activity was a prominent system based factor contributing to intra-arterial incidents. In a previous paper by Beckmann et al 20 outlining incidents associated with insufficient nursing staff, it was noted that high unit activity resulted in inadequate staffing and an overall decreased level of experience in the unit. As a consequence, errors of judgement and inability to recognize problems due to inexperience may result in suboptimal care. In our current study errors of judgement, problem recognition and fault of technique were again identified as important human contributing factors.
Many of the above problem areas could be addressed by developing national standards covering arterial line management from the time of insertion to removal, including insertion techniques and site selection, securing and immobilization, set-up and monitoring line access and maintenance. Staff selection, training and support are also very important issues to be included.
CONCLUSION
This report has shown that incidents related to intra-arterial lines fall into three main problem areas related to line insertion, line maintenance and use and patient injuries. Commonly associated problems included inadequate line securing, accidental line dislodgement, incorrect set-up, distal ischaemia and infection. Attention to adequate securing is imperative to reduce the incidence of accidental dislodgement. Ongoing assessment and appropriate management of the intra-arterial line will aid in the reduction of ischaemia and infection. The need for an intraarterial line must be continually assessed to ensure early removal when not required. Standardization of line insertion and use by the development and implementation of agreed protocols should aid in the prevention of these common incidents. Education is needed to implement these preventive strategies.
The study provides a baseline pattern for incidents that can be compared with patterns produced after interventions are introduced to address aspects of the problem.
